The Influence of electron beam on behaviors of high density polyethylene/poly(ethylene glycol)/organoclay nanocomposites has been studied. Nanocomposite compounds were prepared by melt intercalation method. X-ray diffraction (XRD) and transition electron microscopy (TEM) revealed the combination of nanocomposite morphology. Thermal and mechanical properties of nanocomposites were studied by using Thermogravimetric analysis (TGA), Young's modulus, tensile strength and hardness tests. The results show that at 500 KGy dose of irradiation the Young's modulus and tensile strength values have been enhanced in comparison with pure blend by cross-linking and the surface hardness of samples raises by increasing the clay content The samples with the clay content of 5 wt% in the matrix with 500KGy dose of irradiation have shown satisfactory thermal resistance. The irradiation at high levels has degraded the nanocomposites and an optimum dose must be employed to enhance their properties. The presence of poly(ethylene glycol) as a compatibilizer has improved the dispersion of clay layers into the matrix and has enhanced the mechanical properties and thermal resistance of nanocomposites. The presence of the clay in the matrix has increased the adsorption amount of xylene and toluene into the bulk of nanocomposites and the irradiation has decreased this capacity by the dose level.
Introduction
Nanocomposites are a relatively new category of composites that have gained recognition in recent years, due to their unique reinforcement properties. They are based on the use of a low concentration of expandable smectite clays, such as montmorillonite (MMT), in the matrix (Biswas et al. [1] , Vaia et al. [2] , Tjong et al. [3] , Kojima et al. [4] , Lagaly [5] , Wang et al. [6] , Fong et al. [7] , Chen [8] , Manias et al. [9] ). The addition of MLS in a polymeric matrix results in different clay distributions that do not always provide an improvement in performance. When MLS is added to a polymer, it remains an immiscible system. However, pioneering work by Toyota showed that surfactant-treated MLS is capable of hydrophobic interactions leading to partially-or completely-dispersed composites (Alexandre et al. [10] ). The different clay distributions are the immiscible, intercalated, partially exfoliated and exfoliated dispersions.
The bulk of nanocomposite literature (Biswas et al. [1] , Vaia et al. [2] , Tjong et al. [3] , Kojima et al. [4] , Lagaly [5] , Wang et al. [6] , Fong et al. [7] , Chen [8] , Manias et al. [9] , Alexandre et al. [10] , Tabtiang et al. [11] , Ichazo et al. [12] , Gonzalez Montiel A et al. [13] , Vaia et al. [14] , LeBaron et al. [15] , Liu et al. [16] , Dennis et al. [17] , Kurokawa et al. [18] ) indicate that increased strength, or elastic modulus, considerably decreases strain to failure and ductility. In PE, this is further complicated by the nonpolar nature of PE, requiring the use of bridge molecules between the PE and the MLS. Prior studies have focused on using high concentrations (above 5% by wt of PE) of polar compatibilizer, for example maleated polyethylene (mPE) (Butzloff et al. [19] ), the reasoning being that the polar compatibilizer would solubilize the MLS surfactant. This should increase the degree of reinforcement between polymer chains and layered silicate structures. The reality is that the low molecular weight compatibilizer reduces the stiffness and toughness of the material. In this study, we employed poly(ethylene glycol) (PEG) as a compatibilizer for easier dispersion of clay into the polymer matrix.
The commonly used layered silicates for the preparation of PLS nanocomposites belong to the same general family of 2:1 layered or phyllosilicates. Their crystal structure consists of layers made up of two tetrahedrally coordinated silicon atoms fused to an edge-shared octahedral sheet of either aluminum or magnesium hydroxide. The physical mixture of a polymer and layered silicate may not form a nanocomposite. This situation is analogous to polymer blends, and in most cases separation into discrete phases takes place. In immiscible systems, which typically correspond to the more conventionally filled polymers, the poor physical interaction between the organic and the inorganic components leads to poor mechanical and thermal properties. In contrast, strong interactions between the polymer and the layered silicate in PLS nanocomposites lead to the organic and inorganic phases being dispersed at the nanometer level. As a result, nanocomposites exhibit unique properties not shared by their micro counterparts or conventionally filled polymers (Giannelis [20] , Giannelis et al. [21] , Vaia et al. [22] ).
Pristine layered silicates usually contain hydrated Na+ or K+ ions (Ahmadi et al. [23] ). Obviously, in this pristine state, layered silicates are only miscible with hydrophilic polymers, such as poly ethylene oxide (Aranda et al. [24] ), or poly vinyl alcohol (Yu et al. [25] ). To render layered silicates miscible with other polymer matrices, one must convert the normally hydrophilic silicate surface to an organophilic one, making the intercalation of many engineering polymers possible. Generally, this can be done by ion-exchange reactions with cationic surfactants including primary, secondary, tertiary, and quaternary alkylammonium or alkylphosphonium cations. Alkylammonium or alkylphosphonium cations in the organosilicates lower the surface energy of the inorganic host and improve the wetting characteristics of the polymer matrix, and result in a larger interlayer spacing. Additionally, the alkylammonium or alkylphosphonium cations can provide functional groups that can react with the polymer matrix, or in some cases initiate the polymerization of monomers to improve the strength of the interface between the inorganic and the polymer matrix (Krishnamoorti et al. [26] ). The kind of clay that we applied for analyzing thermal, mechanical and chemical properties of polymer/clay nanocomposites is the organically modified montmorillonite (OMMT) into the high density polyethylene (HDPE) as a matrix with PEG as a compatibilizer. The content of PEG was kept fixed while the clay content increased. The effect of the addition of PEG as a compatibilizer has been investigated by eliminating of PEG in polymer matrix and its effect on morphology properties. In the present work, HDPE/PEG/Clay nanocomposites were prepared by direct melt intercalation. The resulting materials were then exposed to electron beam. The aim is to study the effect of electron beam on the thermal, mechanical and chemical degradation stability of the nanocomposites. Electron beam technology is a unique and powerful means of bringing about controlled, beneficial changes in polymers, like PE, particularly since the changes are brought about in the solid-state, as opposed to alternative chemical and thermal reactions carried out in hot, melted polymer. This technology is environmentally friendly, since it does not involve the use of harmful chemicals or generate hazardous by-products.
Result and discussion

Effect of compatibilizer
The XRD patterns for 5 wt% content of OMMT into the resin and combination of HDPE and OMMT without compatibilizer are displayed in Fig. 1 . The diffraction peak value of θ 2 for curve (a) is at 7.19. The corresponding peak for curve (b) disappeared demonstrating the exfoliation structure in this specimen. The nonappearance of Bragg scattering reveals an expansion of clay layers into the matrix. On the other hand, two diffraction peaks distinguished in curve (c) indicating two kinds of structure are simultaneously constituted. The second diffraction peak at 6.99°, lower than 7.19°, shows slight extension of the clay layers but the first peak at 4.33°, caused from expanding of these layers into the matrix, expresses arranging the clay layers in an exfoliated system. The surfactant intercalates into the clay by attraction between its organic cation and the silicate surface, which renders the hydrophobic silicate surface organophilic, and the stacked layers are randomly distributed in the HDPE matrix and it makes the latest structure partially-exfoliated. The addition of 2M2HT as a swelling agent has improved the dispersion of clay into the polymer matrix but not agreeable. The best intercalation happened after addition of PEG into the matrix. As a consequence, the peak value for curve (b) obviously vanished with respect to the corresponding peak in curve (c). clay layers into the polymer matrix and formed a homogeneous system by increasing the distance between clay layers, while the absence of PEG has caused stacking of these layers.
Fig. 2. TEM photographs of (a) HDPE/PEG15/OMMT5 and (b) HDPE/ PEG0/OMMT5 nanocomposites
Thermal degradation and stability
The results for Thermogravimetric analysis to perceive the effect of the clay after adding into the matrix has been shown in Fig. 3 . Because of the fact that the OMMT has different tendency for combusting, the nanodispersed organoclay will affect the combustion process that will lead to alternations in thermal stability of these polymer nanocomposites. The catalytic effect of acidic sites that emanates from Hoffman degradation of the organic surfactant of the organoclay can be a consequential parameter on charforming reactions as can be seen in Fig. 3 and Table 1 , The addition of the OMMT into the matrix has enhanced the thermal stability of specimens by increasing the weight loss temperature at and (the temperature in which the weight loss (%) is 10 and 50, respectively). Utilizing the PEG as a compatibilizer in the role of the swelling function of the clay layers caused a significant difference in thermal stability in comparison with the specimen without compatibilizer. The PEG by providing the
T way for easier dispersion of the clay layers into the polymer matrix can show superior thermal stability with respect to the sample without PEG (Fig. 4) . The fact is that PEG can bond to the surface of layered silicates. A maleic-anhydride group compatibilizer interacts with the swelling agent in OMMT and helps polymer molecules to penetrate the clay interlayer more easily. The TGA results were used to compare the effect of the compatibilizer on thermal stability between samples as provided in Fig. 5 .
Tab. 1. TGA results for HDPE/PEG/OMMT nanocomposites before irradiation.
sample
OMMT, wt% 0  457  486  PE2  3  462  490  PE3  5  468  489  PE4  7  470  493 PE5   5  452  479  The results for  and  in Table 1 for samples PE3 and PE5 reveal a significant decrease in thermal stability after elimination of PEG from the polymer matrix because the PEG intensifies interactions between the clay layers and polymer matrix. The surface area of the clay layers in stack shape is much less than the fully expanded condition and more attraction between the clay layers and polymer matrix is possible in latter form. As a consequence, the addition of the PEG has improved the thermal stability of HDPE/OMMT nanocomposite specimens.
It has been considered for some time that cross-linking will usually enhance the thermal stability of polymers, simply because the presence of a cross-link means that at least one additional bond must be broken to enable the elimination of a volatile fragment from a polymer. The irradiation knocks an electron out of the Hydrogen atom. The Hydrogen atoms then wander out of the polyethylene molecule as free radicals. This happens simultaneously on several places in several mers. The carbon atoms that are lacking theirs Hydrogen neighbors keep "free hands" out to find a new neighbor (Fig. 6 ). These behaviors will raise the thermal resistance of the polyethylene/clay nanocomposites. So as can be seen in Fig. 7 , increasing the amount of irradiation has enhanced the thermal degradation of samples from 0KGy to 500KGy. But has not been appeared a significant mutation in the curve for 100KGy dose of irradiation. Fig. 7 . TGA curves for HDPE/PEG/OMMT nanocomposites on exposure to electron beam The growth in irradiation dose can increase the destruction process against the cross-linking. So, the weight loss percent curve obviously has been shifted to lower temperature from 474 °C to 459 °C for 500KGy-irradiated and 1000KGy-irradiated PE3 samples, respectively. This fact indicates the appropriate amount of irradiation required for improving the thermal stability of these samples.
The effect of the compatibilizer on thermal resistance of the polymer/clay nanocomposites is shown in Fig. 8 . The lack of the PEG as a compatibilizer has clearly decreased the degradation temperature of nanocomposite at weight loss percent of 10 and 50. The results in Table 1 and Table 2 for sample with 5wt% of OMMT into the compound exhibit an increase of 3.52% in before irradiation and 4.17% after irradiation which reveals the contribution of the polyethylene glycol after irradiation to the nanocomposite by cross-linking. This result can be seen graphically in Fig. 8 . Another point deduced from Fig. 8 is the undesirable effect of the OMMT on the mutation of to lower value when the clay content grows from 5wt% to 7wt%. PE1  0  500  452  492  PE3  5  100  467  490  PE3  5  500  474  495  PE3  5  1000  459  489  PE4  7  500  460  486  PE5  5  500  455  482 Irradiation dose has caused diverse effects on thermal stability of nanocomposite samples and those are connected to the clay amount in the matrix. For example, a decrease in thermal resistance of the nanocomposite with 7wt% of the clay after the irradiation amount of 500KGy can be seen in Fig. 9 in comparison with the same sample without irradiation.
Fig. 9.
The effect of irradiation on thermal resistance of the HDPE/OMMT nanocomposite with 7wt% of the OMMT.
But an increase in this property for samples with 5 wt% of the clay is discerned in Fig.  10 against the similar structure devoid of irradiation. Maybe the comparison of samples in Fig. 11 can clearly show the effect of adding the clay in the 500KGy dose of irradiation that can be compared with the results in Fig. 3 . These TGA data show that the nanodispersion of clay throughout the polymer generally inhibits the irradiation degradation of HDPE/PEG blend, which led to the nanocomposites exhibiting superior irradiation-resistant properties than that of the pure blend. The value of is the highest when the clay content is 7wt% in Fig. 3 without any irradiation but its corresponding value in Fig. 11 is worse than corresponding value of the sample with 5wt% of the OMMT. This reality indicates that the 5 wt% clay in the polymer matrix can establish a significant improvement in thermal resistantance of these nanocomposites and the addition of the PEG as a compatibilizer will contribute to enhance this property. As a consequence, the irradiation dose of 500 KGy and the clay amount of 5 wt% in the matrix with the addition of the compatibilizer can constitute a satisfactory improvement to the thermal stability of polyethylene/clay nanocomposites. Fig. 11 . The effect of the OMMT content on thermal resistance of HDPE/OMMT nanocomposites at irradiation dose of 500KGy.
Mechanical properties
In this research the tensile strength, Young's modulus and surface hardness for mechanical properties analysis of HDPE/PEG/OMMT nanocomposites have been investigated. The results for mechanical properties have been gathered in Table 3 .
A clear shape of tensile strength and Young's modulus of samples in Fig. 12 indicates that the addition of the OMMT into the matrix has improved the Young's modulus but a satisfied enhancement in tensile strength is not observed. The OMMT content of 5wt% also has enhanced the Tensile strength with respect to 3wt% and 7wt% of the OMMT. The results in Fig. 12 (a) show a marked decrease after adding the clay. But there is no noticeable change in higher clay content up to 7wt%. This is behavioral characteristic of PLS nanocomposites. With an increase in clay content, strength does not change markedly compared to the neat-PE value. But the results for Young's modulus in Fig. 12 (b) show a satisfactory enhancement after adding 5wt% of clay that drops on further clay content. If the interaction between nanocomposite components is not thermodynamically desirable, these properties will vary during processing because the nanocomposite structure will change.
But the effect of irradiation can lead to the improvement in mechanical properties after cross-linking of polymer layers. On the other hand, the destruction effect of irradiation can prevent this promotion. We prepared our samples in different kinds of irradiation for estimating the effect of irradiation on mechanical properties such as Tensile strength, Young's modulus and surface hardness. The results have been illustrated in Fig. 13 for the effect of the OMMT addition in different doses and in Fig.  14 for the effect of irradiation on each amount of the OMMT by weight percent.
The whole results also have been gathered in Table 3 . As can be seen in Fig. 13 (a) , the tensile value for samples with 3wt% and 5wt% of the OMMT with 500KGy of irradiation is better than other samples in different amount of irradiation. The destruction process in higher amount of irradiation can prevail over the cross-linking process. So, when the irradiation dose is amounted to 1000KGy, the tensile and Young value decrease clearly to lower quantities (Fig 13 a,b) The reduction value of tensile and Young results for samples with 100KGy of irradiation can be explained by similar reasoning as that of 1000KGy irradiated samples. In fact, the cross-linking factor conducts the process in 500KGy of irradiation and then the destruction factor of irradiation carry on its superiority. In lower amount of irradiation up to 100KGy whatever clay content increases, the tensile and Young's modulus have better amounts respect to samples with any OMMT (Fig. 14 a,b) . So, the addition of the clay can improve the reduction of mechanical properties at lower irradiation dose level than 100KGy. But at higher value of irradiation, for example 1000KGy, the samples with 5wt% of the OMMT show lower degradation. These facts reveal that the best irradiation dose to get the proper mechanical behavior such as tensile strength and Young's modulus is at 500 KGy with 5 wt% of the OMMT into the HDPE matrix. But the surface hardness of samples also has improved against the addition of the clay, although the irradiation dose level at 500KGy has enhanced this property. The reaction of the polymer/clay nanocomposites in tensile properties is related to the dependencies of compatibilizer functionality and organic modification, and it is gathered that considerable tensile property enhancement could be achieved only when appropriate PE-OMMT compatibilizers are used to pretreat the OMLS in conjugation with specific organic modifications of the MMT. We have the PEG as a compatibilizer and 2M2HT as a clay modifier. The effect of the addition of the PEG on tensile strength and Young's modulus results has been shown in Fig. 15 . It is obvious that the addition of PEG as a compatibilizer has prevented the degradation of the nanocomposites up to 100KGy of irradiation and has significantly improved the tensile strength and Young's modulus values at the irradiation amount of 500KGy.
The cross-linking of polyethylene glycol in the matrix has increased the continuity among the compounds into the nanocomposite structure that has encouraged us to treat this element for enhancing the mechanical properties of HDPE/OMMT nanocomposites.
Adsorption resistance
The results for estimating the adsorption resistance of polyethylene nanocomposites has been shown in Fig. 16 and the effect of irradiation as well. The polyethylene adsorbs liquids such as xylene and toluene when it is placed into these liquids. The clay can play the role of a bridge between the two polymer chains and conducts the liquid into the profundity of the nanocomposites. So, as it appears in Fig. 16 , the adsorption amount of liquids increased when the clay content increase. The irradiation can produce a new arrangement of nanocomposite elements. The crosslinking of polymer layers can inhibit penetrating of these liquids into the bulk. This reality can entangle the clay stacks and after all, makes the nanocomposite less efficient with regard to adsorption amount. The destruction process also can influence this mechanism and create longer paths, in turn, decreasing the amount of adsorption at the specific time. This fact can be seen in Fig. 16 for both liquids.
Conclusions
The effect of irradiation on HDPE/PEG/OMMT nanocomposites can be changed by the irradiation dose level. The cross-linking and on the other hand, destruction effect of the irradiation should be balanced for estimating the properties of irradiated nanocomposites. Results indicated that increase in the clay content has improved the thermal resistantance of HDPE/PEG/OMMT nanocomposites. But this property was reduced by irradiation in dose of 1000 KGy; it had enhanced up to dose of 500KGy. When the clay content is 5wt% in the polymer matrix, the best thermal resistance of the irradiated samples has been obtained. The addition of PEG as a compatibilizer before and after irradiation has increased the thermal stability of nanocomposites. The addition of the OMMT at 5wt% has only decreased the tensile strength and has enhanced the Young's modulus by comparison with the first compound without organoclay. But at the same clay content these two factors have been significantly improved at 500KGy dose of irradiation. In addition, samples with no organoclay have shown quite large reduction in mechanical properties.
In addition to the desirable effect of the PEG as a compatibilizer on morphology properties, it has had an extraordinary effect on mechanical properties on samples after irradiation dose level at 500KGy. Finally, the addition of the clay has been led to an increase in adsorption capacity of HDPE/OMMT/PEG nanocomposites and the irradiation has reduced it at 100KGy and 1000KGy dose of irradiation.
Experimental
Materials and preparation
The OMMT (southern clay products, Inc) prepared from pure Na+-montmorillonite (MMT) was modified with dimethyl, dihydrogenatedtallow and quaternary ammonium (2M2HT The Process Temperature was kept at 160 ºC to yield composites. The OMMT was added through the process into the chamber and the combination of materials was mixed for 5 minutes. The prepared nanocomposites were pressed (warm press, P200P, COLLIN) to make sheets (1 to 3 mm thickness). For all nanocomposites the content of PEG was fixed at 15 wt% and the amount of OMMT was varied from 0 to 7 wt%. All these sheets were irradiated using Rhodotron type electron accelerator machine TT200, applying 10 MeV electron beam with a maximum of 8 mA beam current. All titles for HDPE/clay nanocomposites can be seen in Table 4 .
Characterization X-ray diffraction (XRD) and transition electron microscopy (TEM) were used for morphology studies of all nanocomposites. The XRD were performed at room temperature on a Philips X'Pert X-ray diffractometer (40 kV, 40mA) with Cu Kα tube (λ = 0.154 nm). Bright field transmission electron microscopy (TEM) images were obtained at 120 kV, at low-dose conditions, with a Phillips 400T electron microscope. The samples were ultramicrotomed with a diamond knife on a Leica Ultracut UCT microtome at room temperature to provide 70-nm-thick section. The section was transferred from water to carbon-coated Cu grids of 200 mesh size. Regarding the distinct contrast between the layered silicate and the polymer phase for imaging, no heavy metal staining of sections was required.
Tensile test and Young's modulus estimation were done for investigating the mechanical properties of nanocomposites. The tensile bars of HDPE/PEG and other nanocomposites were tested at room temperature by Tensile measuring system, INSTRON, 4411 machine to estimate tensile properties in accordance with ASTM D638m. The surface hardness of all specimens were measured by hardness test shore A, ZWICK machine at room temperature. Thermogravimetric analysis (TGA) for estimating the thermal stability of all samples was performed on a STA 1500 unit, under 30-35 ml/min argon flow. The temperature was first at 25 °C then ramped to 600 °C at a scan rate of 20 °C/min. The chemical properties of nanocomposites were investigated for adsorption ability estimation. All samples were inserted into 20 cc of both xylene and toluene. The difference between the weight of samples before and after experiment was measured. In this way, the adsorption ability of the nanocomposites against the irradiation can be evaluated.
